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Background: To investigate the value of carcinoembryonic antigen (CEA), cytokeratin 19 fragment 
(CYFRA21-1), squamous cell carcinoma antigen (SCC-Ag), and gastrin-releasing peptide (pro-GRP) in the 
differential diagnosis of lung cancer. 
Methods: We enrolled 120 patients with malignant lung cancer who were treated at our hospital between 
June 2018 to June 2020. A further 58 patients with benign lung tumors and 60 healthy volunteers were also 
enrolled. Serum levels of CEA, CYFRA21-1, SCC-Ag, and pro-GRP were determined and compared across 
different populations, different pathological types, and different TNM stages. An ROC curve was drawn to 
evaluate the value of the four indicators when combined for the diagnosis of lung cancer.
Results: The levels of CEA, CYFRA21-1, SCC-Ag, and pro-GRP in the malignant group were 
significantly higher than those in the benign and healthy groups (P<0.05). CEA in adenocarcinoma was 
significantly higher than that in squamous cell carcinoma (SCC) and small cell carcinoma (P>0.05), and 
CYFRA21-1 in non-small cell carcinoma was significantly higher than that in small cell carcinoma (P<0.05). 
Pro-GRP in small cell carcinoma was significantly higher than that in non-small cell carcinoma (P<0.05), 
and the SCC-Ag level in SCC was significantly higher than that in small cell carcinoma and adenocarcinoma 
(P<0.05). There was no statistically significant difference in CEA among various pathological types (P>0.05). 
However, there were significant differences in the levels of CEA and pro-GRP in different TMN stages 
(P<0.05), and in the levels of CEA and pro-GRP in different TMN stages (P<0.05) where from stage I to 
stage IV CEA, pro -GRP levels increased. There was a significant difference in CYFRA21-1 levels in stages 
I–III (P<0.05), and in stages III and IV, although there was no statistically significant difference in SCC-Ag 
in different stages (P>0.05). The area under the curve (AUC) for the combined diagnosis of lung cancer with 
the four markers was 0.9250 (95% CI: 0.8866-0.9634), the sensitivity was 93.29%, and the specificity was 
84.32%. 
Conclusions: Joint inspection of CEA, CYFRA21-1, SCC-Ag, and pro-GRP levels has certain clinical 
value for the differential diagnosis of lung cancer.
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Introduction

Lung cancer is the leading cause of cancer deaths in both 
men and women worldwide (1-3). Despite new diagnostic 

and genetic technologies, as well as many advances in 

surgical technology and biological treatments such as 

targeted therapy and immunotherapy, studies show that 
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the 5-year survival rate for lung cancer is only 15% (4). 
This is probably because most lung cancers are already 
at an advanced stage when diagnosed with only 15% of 
lung cancers diagnosed at an early stage, leading to a 
poor prognosis (5). Therefore, screening high-risk groups 
through low-dose computed tomography or effective 
biomarkers may facilitate the early diagnosis and early 
treatment of lung cancer and improve its prognosis (6-8).

Currently, biomarkers including carcinoembryonic 
antigen (CEA), cytokeratin 19 fragment (CYFRA21-1), 
squamous cell carcinoma antigen (SCC-Ag), and gastrin-
releasing peptide (pro-GRP) have been found to be 
valuable in the diagnosis of lung cancer (9). CEA is a 
glycoprotein involved in cell adhesion which was previously 
considered a tumor marker for colorectal cancer, and 
SCC-Ag is a SCC-Ag which is both widely present in 
malignant epithelial cells and previously the first-choice 
tumor marker for cervical SCC (10). In recent years, with 
the continuous in-depth research on tumor markers, the 
application of CEA and SCC in lung cancer has also been  
reported (11). CYFRA21-1 is a fragment of cytokeratin 
19, which is currently considered to be a biomarker of 
non-small cell lung cancer (12). Pro-GRP is the precursor 
of gastrin releasing peptide (GRP) and both are tumor 
markers, but because GRP has a short half-life of only 2 
minutes, the application of pro-GRP has become more 
common in recent years (13). Although they cannot replace 
histology in determining pathology, tumor markers play a 
significant role in the diagnosis of lung cancer, especially 
in clinical practice where determining the level of tumor 
markers is often the first step in screening. However, while 
the elevation of some serum markers can be observed 
in lung cancer cases and some are related to specific 
histopathological types, when used alone, their specificity 
and sensitivity are insufficient to meet the needs of 
diagnosis. For this reason, this study evaluated the roles of 
CEA, CYFRA21-1, SCC-Ag, and pro-GRP levels to assess 
their combined value in the differential diagnosis of lung 

cancer. We present the following article in accordance with 
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/tcr-21-527).

Methods

Research object

The malignant group consisted of 120 patients with lung 
cancer who were treated in our hospital between January 
2017 and December 2020. The inclusion criteria were: 
(I) patients who had not received treatment; (II) patients 
who were diagnosed with lung cancer by pathological 
examination, and the pathological type and TNM staging 
had been confirmed; and (III) patients with complete 
clinical data and voluntary enrollment. 

In addition, 58 patients diagnosed as having benign lung 
tumors by pathological examination were included in the 
benign group, and 60 healthy volunteers were included in 
the healthy group. The baseline information is shown in 
Table 1.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Chengmai County People’s Hospital (No.: 
20161248). Written informed consent was obtained from 
the patients.

Determination of CEA, CYFRA21-1, SCC-Ag, and pro-
GRP levels

We took 4 mL of fasting venous blood from all subjects, 
centrifuged it at 3,000 r/min for 10 min, then measured 
CEA, CYFRA21-1, SCC-Ag, and pro-GRP levels by 
chemiluminescence method. The instrument was matched, 
and the measurement carried out in strict accordance with 
the instructions. The following reference ranges were 
used: CEA >5 ng/mL, SCC-Ag >1.5 ng/mL, CYFRA21-1  
>3.3 ng/mL, and pro-GRP >65 pg/mL.

Table 1 Baseline data

Project Malignant group Benign group Healthy group

Gender: male/female 68/52 33/25 34/26

Age 50.84±20.76 52.29±21.45 49.43±20.51

Classification (NSCLC/squamous cell carcinoma/
adenocarcinoma/Hamartoma/hemangioma)

24/36/60/–/– –/–/–/36/22 –

TNM staging (I/II/III/IV) 16/35/42/27 – –
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Statistical methods

SPSS 20.0 software was used to perform statistical analysis 
on all experimental data. If the measurement data was 
expressed in the form of x±s, the independent sample t 
test was used for comparison between the two groups. 
Diagnostic efficacy was evaluated by drawing the ROC 
curve.

Results

The levels of CEA, CYFRA21-1, SCC-Ag, and pro-GRP 
in different populations

The levels of CEA, CYFRA21-1, SCC-Ag, and pro-GRP in 
the malignant group were significantly higher than those in 
the benign and healthy groups (P<0.05) (Table 2).

The correlation between CEA, CYFRA21-1, SCC-Ag, pro-
GRP, and TNM staging

The levels of CEA and pro-GRP in different TMN stages 
were significantly different (P<0.05), and increased from 
stage I to stage IV. There was a significant difference in the 
level of CYFRA21-1 in stages I–III (P<0.05), and there was 

no significant difference between stages III and IV (P>0.05). 
There was no statistically significant difference in SCC-Ag 
in different stages (P>0.05) (Table 3).

Diagnostic performance

The area under the curve (AUC) for the combined 
diagnosis of lung cancer with the four markers was 0.9250 
(95% CI: 0.8866–0.9634), the sensitivity was 93.29%, and 
the specificity was 84.32% (Figure 1, Table 4).

Discussion

Biomarkers are biochemical indicators that change during 
the occurrence and development of disease. Tumor 
biomarkers exist in cancer tissues and host body fluids, 
and their levels can sometimes indicate the early-stage 
presence and nature of tumors, well before imaging and 
other assessment methods. However, all biomarkers are 
non-specific, and their sensitivity and specificity varies. 
Therefore, the combined use of multiple markers can 
improve diagnostic accuracy. 

CEA is a common biomarker, the level of which is up-
regulated in a variety of malignant tumors. Although it has 

Table 2 The levels of CEA, CYFRA21-1, SCC-Ag, and pro-GRP in different groups

Biomarkers Small cell carcinoma (n=24)
Non-small cell lung cancer

Squamous cell carcinoma (n=36) Adenocarcinoma (n=60)

CEA (ng/mL) 8.74±4.47 8.96±4.56 10.43±3.88ab

CYFRA21-1 (ng/mL) 6.84±2.91 8.95±2.51a 9.12±2.84a

SCC-Ag (ng/mL) 5.23±2.79 6.94±2.66a 5.64±3.31b

pro-GRP (pg/mL) 85.63±24.35bc 65.48±26.23 70.69±23.82
a, P<0.05, compared with the small cell carcinoma group; b, P<0.05, compared with the squamous cell carcinoma group; c, P<0.05, 
compared with the adenocarcinoma group. CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment; SCC-Ag, squamous 
cell carcinoma antigen; pro-GRP, gastrin-releasing peptide.

Table 3 The levels of four markers in different TMN stages

Biomarkers Phase I (n=16) Phase II (n=35) Phase III (n=42) Phase IV (n=27)

CEA (ng/mL) 4.40±2.29 8.71±4.92# 10.05±2.84#∆ 13.62±3.03#∆▲

CYFRA21-1 (ng/mL) 6.64±2.11 8.70±2.95# 9.16±2.54#∆ 9.62±2.78

SCC-Ag (ng/mL) 3.46±1.72 2.98±1.13 3.08±1.03 3.14±1.28

pro-GRP (pg/mL) 51.06±20.87 65.06±23.72# 76.38±24.36#∆ 89.42±25.62#∆▲

#, P<0.05, compared with stage I; ∆, P<0.05, compared with stage II, ▲ , P<0.05, compared with stage III. CEA, carcinoembryonic antigen; 
CYFRA21-1, cytokeratin 19 fragment; SCC-Ag, squamous cell carcinoma antigen; pro-GRP, gastrin-releasing peptide.
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Figure 1 ROC curve of each marker. (A) CEA; (B) CYFRA21-1; (C) SCC-Ag; (D) pro-GRP; (E) joint. CEA, carcinoembryonic antigen; 
CYFRA21-1, cytokeratin 19 fragment; SCC-Ag, squamous cell carcinoma antigen; pro-GRP, gastrin-releasing peptide.

Table 4 AUC, sensitivity, and specificity of the four markers and combined diagnosis

Biomarkers AUC 95% CI Sensitivity (%) Specificity (%)

CEA 0.8739 0.8220–0.9251 80.33 89.48

CYFRA21-1 0.8332 0.7719–0.8948 70.42 85.54

SCC-Ag 0.8642 0.8108–0.9176 87.90 80.51

pro-GRP 0.8411 0.7843–0.8979 85.85 79.20

Four markers 0.9250 0.8866–0.9634 93.29 84.32

CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment; SCC-Ag, squamous cell carcinoma antigen; pro-GRP, gastrin-
releasing peptide.
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a broad spectrum, it still has value in the auxiliary diagnosis 
of lung cancer. As CEA is usually produced during fetal 
development, this stops before birth and CEA is usually not 
present in the blood of healthy adults. At present, CEA is 
more commonly applied to the diagnosis of adenocarcinoma 
in non-small cell lung cancer, but its cut-off level varies 
greatly in different studies (14,15). In one Chinese study, 
the serum CEA level of non-small cell lung cancer cases 
was found to be significantly higher than that of benign 
lung tumor cases and healthy people (16), while in another, 
the level in a lung adenocarcinoma group was significantly 
higher than that of a lung SCC group and small cell lung 
cancer group (17). While results such as those mentioned 
above show that CEA is of great significance for the clinical 
diagnosis of lung cancer, its role in early diagnosis is less 
convincing as it has poor specificity and its level of increase 
in the early stage of lung cancer is not obvious. SCC-
Ag exists in squamous epithelial cells, participates in the 
differentiation of the squamous epithelial layer, participates 
in tumor growth in tumor cells, and is often used in the 
diagnosis of squamous epithelial cell-origin cancer (18). 
While initially used to screen for cervical cancer, later 
studies found that SCC-Ag levels are also elevated in lung 
SCC and SCC-Ag is an effective biomarker for that disease. 
Yu found that SCC-Ag levels in the serum of lung cancer 
patients was significantly higher than that of benign lung 
tumor cases and healthy people and 85% of patients with 
SCC-Ag levels greater than 2 ng/mL developed SCC (19). 
Serum SCC-Ag levels were significantly higher than that 
of lung adenocarcinoma cases, suggesting that serum SCC-
Ag has an important role in the detection of lung SCC. 
CYFRA21-1 is a characteristic marker of epithelial cells. 
When tumor cells die and dissolve, the soluble fragment of 
CK-19 CYFRA21-1 can be released into the blood, leading 
to an increase in the concentration of CYFRA21-1 in the 
serum of tumor patients. Although CYFRA21-1 is not an 
organ-specific and tumor-specific protein, it is particularly 
prone to appear at the junction of normal lung tissue and 
malignant tumors, making it an effective biomarker for 
lung cancer. Studies have shown that serum CYFRA21-1 
is greater than 3.3 ng/mL in normal people and those with 
benign lung lesions, and the growth is more common in 
non-small cell lung cancer, with a sensitivity of about 50%, 
and the sensitivity of SCC is higher (20). Pro-GRP is the 
precursor structure of GRP and is a relatively new lung 
cancer tumor marker. While researchers have found that 
GRP can exist in the neuroendocrine tissues of the brain, 
stomach, fetal lungs, and many small cell lung cancer cell 

lines and tumor groups, it is difficult to detect GRP in 
serum, so pro-GRP is usually measured. Cavalieri (21) 
showed that the blood pro-GRP level of patients with small 
cell lung cancer is higher than that of other types of lung 
cancer, and the positive rate and diagnostic specificity of 
pro-GRP in non-small cell lung cancer are low. However, 
pro-GRP has strong tissue specificity and other advantages 
compared with other tumor markers for small cell lung 
cancer such as NSE and Tu M-PK. Current research 
reports that the combined detection of multiple markers 
is of high value in the differential diagnosis of lung cancer 
(22,23), but the combined detection of the four indicators 
of CEA, CYFRA21-1, SCC-Ag, and pro-GRP is rare.

The results of our study concur with those of others 
which indicate that CEA, CYFRA21-1, SCC-Ag, and pro-
GRP play an important role in the differential diagnosis 
of lung cancer. The serum levels of CEA, CYFRA21-1, 
SCC-Ag, and pro-GRP in lung cancer cases were 
significantly higher than those in benign lung tumor cases 
and healthy people (P<0.05), indicating that they have 
certain significance in the diagnosis of lung cancer. Further 
exploration of the correlation of the four indicators with 
pathological types and TNM classification showed that 
CEA in adenocarcinoma was significantly higher than that 
in SCC and small cell carcinoma (P>0.05). CYFRA21-1 
levels in non-small cell carcinoma were significantly higher 
than those in small cell carcinoma (P<0.05) and pro-GRP 
levels in small cell carcinoma were significantly higher than 
those in non-small cell carcinoma (P<0.05). In addition, 
the SCC-Ag level in SCC was significantly higher than 
seen in small cell carcinoma and adenocarcinoma (P<0.05). 
Across different TMN stages, the levels of CEA and pro-
GRP were significantly different (P<0.05) and the levels 
of CEA and pro-GRP in stages I to IV increased. There 
was a significant difference in CYFRA21-1 levels in I–III 
(P<0.05), and no statistically significant difference between 
stages III and IV (P>0.05). The results show that CEA, 
pro-GRP, and TNM staging are positively correlated. By 
drawing the ROC curve, the results showed that the four 
markers combined diagnosis of lung cancer had the largest 
AUC, which was 0.9250 (95% CI: 0.8866–0.9634), and the 
sensitivity (93.29%) and specificity (84.32%) were both 
high. 

Conclusions

The levels of CEA, CYFRA21-1, SCC-Ag, and pro-GRP 
are of high value in the differential diagnosis of lung cancer, 
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and the four joint tests have the highest diagnostic value.
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